There have been many studies on rhythmic periodicity of reproductive behavior in teleosts, in which spawning was observed to be confined to a limited period of day or night.1-4) Much of this information is concerned with field observations on the spawning behavior and collection of spawned eggs with plankton samples. In several species, such as the medaka Oryzias latipes, 5, 6) goldfish Carassius auratus,7,8) common carp Cyprinus carpio,9) kisu Sillago japonica10) and an anabantoid Trichopsis vittatus,11) spawning time is considered to be regulated by photoperiod, since spawning time can be easily shifted by manipulation of photoperiod. Furthermore, in kisu,10) water temperature and circadian rhythm are also involved in the determination of the spawning time. However, outside of thse studies, there is little information on the regulatory mechanism of spawning time in fishes.
In previous papers,12,13) we have reported that the tobinumeri-dragonet Repomucenus beniteguri lay eggs during 1600-2000 h almost every day both in the spring and autumn breeding seasons, suggesting that the spawning time is also regulated by photoperiod in this species. Daily spawanrs are good materials for studying collected on the net at the overflow outlet of each tank, and the existence of spawned eggs on the net was checked every 15 minutes. In this paper, spawning time was defined as the first observation of spawned eggs on the net. Oviposition lasted for about 1 hour. Mean spawning time was calculated in each photoperiod regime. Spawning time recorded during the adaptation phase (3days after the change in phtoperiod) was excluded from the data. 
Results

Experiment 1
During the experiment, photoperiod was manipulated as shown in Fig. 1 . The results are summarized in Figs. 1 and 2. In the first period (17 days), photophase was from 0500 to 1900 h. Spawning was observed almost every day during 1700-1700 h. Thereafter, we shifted the photophase 4 hours from 0500-1900 h to 0100-1500 h for a 7-day period. With this change in the photoperiod, the spawning time grandually advanced and became stable within several days. Spawning time advanced 3.2 hours on the average. In the third period (17 days), we changed the time of lights-on from 0100 h to 0500 h, and kept the time of lights-off unchanged.
Under these conditions, spawning time was delated only 0.7 hours on the average, although the time of lightson has been retarded 4 hours.
Thereafter, in the fourth period (13 days), we changed the time of lights-off from 1500 h to 1900 h, and kept the lights-on time unchanged.
Following this treatment, spawning time was delayed 2.5 hours. The spawning time in the fourth period was the same as that in the first period.
Experiment 2
During this experiment, we changed the photoperiod as shown in Fig. 3 . The results are summarized in Figs. 3 and 4 . In the first period (12 days), photophase was set from 0500 h to 1900 h. Spawning occurred during 1700-2000 h almost every day. In the second period (21 days), we advanced the time of lights-off 4 hours, leaving the time of lights-on unchanged. Following this treatment, spawning time advanced 3.1 hours on the average. Thereafter, photophase was changed to 0000-0100 h (the time of lights-on was advanced 5 hours and the time of lights-off was advanced 14 hours) and was maintained for 20 days. Under these conditions, spawning time advanced approximately 5 hours after several days of adaptation. Thereafter, the spawning time gradually advanced as shown in Fig. 3 . 
Discussion
The spawning time of the tobinumeri-dragonet advanced 3.2 hours on average when the photophase was shifted 4 hours from 0500-1900 h to 0100-1500 h (14L10D). Fish laid eggs approximately 1 hour before the time of lights-off under both photoperiods.
These results clearly indicate that spawning time is regulated by photoperiod in this species.
Spawning was delayed only 0.7 hours when the time of lights-on was delayed 4 hours. However, spawning was delayed 2.5 hours when the time of lights-off was delayed 4 hours, and advanced 3.1 hours when the time of lights-off was advanced 4 hours. Therefore, it is concluded that the time of lights-off plays a more important role than the time of lights-on in the determination of spawning time in the tobinumeri-dragonet. Therefore, the time of "lights-off" is considered to be a synchronizer of oviposition time. In the kisu,10) the daily spawning time was shifed according to the shift of photoperiod.
However, spawning time was not influenced by a 4 hours delay in lights-off. Therefore, in kisu "lights-on" is suggested to be a synchronizer of spawning time.
Circadian rhythm is also involved in the determination of the spawning time in teleosts. In the medaka, the spawning time was reversed within 10 days if the fish were acclimated to a reversed photoperiod. 5, 6) Kisu completed the shift of spawning time within 3-4 days after the photophase was shifted.10) In the tobinumeridragonet, the spawning time was also shifted within several days when photophase was shifted. Thus, it is celar that oviposition time gradually follows the shift of photopase, and finally reaches new levels within several days. Furthermore, spawning time was delayed approximately 15 min every day when the kisu was transferred to continuous darkness.10) These results imply that circadian rhythms exist in these species.
The present study suggests that the daylength also modulates spawning time, Spawning occurred an average of 0.6 hours earlier than the time of lights-off (23.4 hours from the lights-off) under 14L10D. Spawning occurred 0.3 hours behind the time of lights-off (24.3 hours from the former lights-off) under 10L14D. Under natural conditions, the tobinumeri-dragonet lays eggs approximately 1 hour before the time of sunset during the spring spawning season, and lays eggs approximately 1 hour after the time of sunset during the autumn spawning season.12) The present results are consistent with spawning time under natural conditions, suggesting the possibility that daylength also modulates the spawning time. Under 1L23D in experiment 2, the spawning time was not stable. The photophase of I hour is probably not enough to be perceived as a photophase. The gradual advance in spawning time may suggest the existence of a circadian rhythm in this species, but experimentation under continuous darkness is necessary to prove this speculation.
In teleosts, there is little information on the effects of water temperature on the diurnal spawning rhythm. In the previous study, the level of water temperature did not affect the spawning time in the tobinumeri-dragonet. 13) In the kisu, however, oviposition was advanced under low temperatures, and delayed under high temperatures.10) In the medaka, vitellogenesis and oviposition were delayed when fish were transferred into a refrigerator.14) Oviposition time, however , was not delayed if the cooling period was less than 4 hours. Since there is a time lag of about 4 hours between the occurrence of ovulation (midnight) and spawning (dawn), the delay in vitellogenesis at low temperatures does not influence the oviposition time if the delay is less than 4 hours. On the other hand, spawning is considered to occur soon after the occurrence of ovulation in the kisu and the tobinumeri-dragonet. The effects of temperature on the spawning time are not simple.
In several teleosts, it has ascertained that ovulation occurs synchronously in each species. Synchronous ovulation is inducible in the goldfish15) and common carp16) by raising the water temperature.
Recently, a synchronous perovulatory gonadotropin (GTH) surge has been ascertained to begin in the afternoon followed by a more acute increase from evening to midnight. [17] [18] [19] Ovulation occurs in the dark phase around the time of peak of GTH surge. It is indicated that the onset time of the peak of GTH surge is not determined by the onset time of the elevation of water temperature but by a photoperiodic cue and/or a circadian rhythm.20) In Mendia audens and Brachydanio rerio, there is evidence that daily spawning activity results from a photoperiodically synchroinzed time of ovulation. 21, 22) In medaka, daily pattern of ovulation and oviposition, speculated to be triggered by a photoperiodically synchronized release of ovulatory GTH. 23) In conclusion, the photoperiod is a major cue, and the time of lights-off is considered to be a synchronizer in the determination of the oviposition time in the tobinumeri-dragonet.
However, the pathways of photoperiodic information from the sensory gland (or cells) to gonadotrophs in the hypophysis are still unknown.
Further studies are necessary to understand the mechanism in which exogenous and endogenous information is intergrated and how spawning rhythm is generated in teleosts.
